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and a method for separating optical isomers. The inven- 
tion also provides separating agents for optical isomers, 
wherein the surface of a polysaccharide derivative sup- 
ported on a carrier or the surface of a pulverized or 
granulated polysaccharide derivative is coated with a : 
polymer, which are produced by supporting the polysac- 
charide derivative on the carrier and then coating the ■. 
surface thereof with the polymer to thereby immobilize 
the polysaccharide derivative on the substrate, or by 
grinding or spherbidizing the polysaccharide derivative 
and then coating the surface thereof with a polymer. 
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Description 

Technical Reld: 



[0001 ] This invention relates to separating agents for optical isomers; a process for producing the same, and a method 
for separating optical isomers. More particularly; it relates to separating agents which are useful in separating optical 
isomers and which are obtained by coating the surface of a polysaccharide derivative with a polymer to thereby immo- 
bilize the polysaccharide derivative on a carrier or to make the polysaccharide derivative alone solvent-resistant, a proc- 
ess for producing the same, and a method for separating optical isomers with the use of thesarne. " 

Background Art: 



[0002] It has been well known that poiysaccharides and derivatives thereof such as ester or carbamate derivatives of 
cellulose or amy lose show a high'opticalresblving power. It has been also well known that chromatographic separating 

75 agents wherein these substances are physically adsorbed or held on silica gel are excellent separating agents having 
an optical resolving power over a wide range, a good theoretical plate number and a good durability (Y. Okamoto. M. 
Kawashima and K. Hatada, J. Am. Che.rp v Spc^i^ 5357. (1984)). ' s \'[ " 

[0003] However, these, separating agents ran be employed only under restricted separation conditions, since polysac- 
charide derivatives are Afield on silica gel via physical adsorption and thus solvents in which the polysaccharide, fteriy^ 

20 tives are soluble cannot be used. .as, th,e : 'mo^e phase, etc. Also, solvents in which s Mjr^les ai;e to be'dissdved are 
restricted. In the cisi of a Vample Having a low solubility in solvents usable as the mobile phased there arises a serious 
problem particularly in chromatographic separation. Moreover, there is another inconvenience that only limited I wasftin^ 
fluids are usable in washing awayxgnta^ adsorbed on the separating agerjts.^pqns^ 

there have been required, segarat^ derivatives thereon and haying a highjsqlvent 

25 resistance. ,; : k;-^h--.vo^ | 

[0004] To solve these problems,there!have been developed a method wherein polysaccharide derivatives are chem- 
ically bonded directly to silica gel a method^wherein polysaccharide derivative molecules are crossiinked with each 
other and a method wherein a high solvent resistance is established by combining these two methods (JP-A 62- 
270602.JP-A 4-202141. JP-A 7-25904, JP-A 7^138301, JP-A 8-59702, W095/18833, W096/27615. WO97/401 Vand 

30 WQ97/49733). v r; j ; " : \- )\ r^i'.V >y - ^viVOo \ . :,T'-!'.' «0 : ? . 'HBCk L>l^r : ^U^3C 

[0005] However, these techniques have the disadvantage of necessitating multi-step production processes, since 
unreacted hydroxy! or polyfunction^ groups should be incorporated onto substituents for crosslinking or chemically 
bonding polysaccharide derivatives. ; ^ * ' ; ^ v - - ^ ..: 

[0006] Accordingly, it has been required to develop separating agents for optical isomers which have the high optical 

35 resolving power inherent in polysaccharide derivatives together with a high solvent resistance and which can be pro- 
duced through short process steps. 

Disclosure of Invention " 

40 [0007] The present inventors have conducted extensive studies on separating agents for optical isomers which have 
the high optical resolving power inherent in polysaccharide derivatives and a high solvent resistance and which can be 
produced through short process steps and consequently completed the present invention. 

[0008] Accordingly, the present invention provides a separating agent for optical isomers characterized in that the sur- 
face of a polysaccharide derivative supported on a carrier is coated with a polymer and a process for producing the 
45 same. 

[0009] The present invention further provides a separating agent for optical isomers characterized in that the surface 
of a pulverized or granulated polysaccharide derivative is coated with a polymer and a process for producing the same. 
[001 0] The present invention furthermore provides a method for separating optical isomers characterized by using the 
above separating agents or the use of the above separating agents in separating optical isomers. 



50 



Detailed Description of the Invention 



[001 1 ] Now. the mode for carrying out the present invention will be described in detail. 

[001 2] The polysaccharides to be used in the present invention may be any of synthetic polysaccharides and option- 
55 ally modified natural ones, so long as they are optically active. It is preferable to use those having a regular binding 
mode. Examples thereof include p-1,4-glucan(cellulose), a-1.4-glucan(amylose. amylopectin). <x-1.6-glucan(dextran). 
p-1,6-glucan(pustulan). p-1,3-glucan(curdlan, schizophyllan, etc.), a-1,3-glucan, p-1,2-glucan(crown gall polysaccha- 
rides), p-1,4-galactan, p-1.4-mannan, a-1 ,6-mannan, p-1.2-fructan (inulin), p-2.6-fructan (levan). p-1.4-xylan. p-1,3- 
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xylan. p-1 ,4-chitosan, a-1 ,4-N-acetylchitosan (chitin), pullulan. agarose and alginic acid. Also, starches containing amy- 
lose are included therein. Among these polysaccharides, it is preferable to use cellulose, amylose, p-1,4-xylan, p-l>4- 
chitosan, ch|tin, ; p-1.4-mannan, inulin, curdlan, etc. which can be easily obtained as highly pure polysaccharides, still 
preferably cellulose and amyfose. 
5 [0013] It is preferable that such a polysaccharide has a number-average degree of polymerization (i.e., the average . 
number of pyranose or furanose rings per molecule) of at least 5, still preferably at least 10. From the viewpoint of han- 
dling properties, it is preferable that the number-average degree of polymerization thereof is not more than 500, though 
the upper limit thereof is not particularly defined. 

[0014] Examples of the polysaccharide derivative to be used in the present invention include compounds prepared 
10 by introducing; into a portion of the hydroxyl groups of the above-mentioned polysaccharide, compounds haying func- 
tional groups capable of reacting with the hydroxyl groups via ester, urethane or ether bonds by conventionally known 
methods. The compounds having functional groups capable of reacting with the hydroxyl groups may be isocyanic acid 
derivatives, carboxylic acids, esters, acid halides, acid amides, halides, epoxy compounds, aldehydes, alcohols and any 
other compounds having leaving groups. As these compounds, use can be made of aliphatic, alicyclic; aromatic and . 
75 heteroaromatic ones. Among these compounds, those represented by the following general formula (I) are particularly 
preferable:^; - v . -.- " * 



wherein X represents halogeno or C v3 alkyl; and n is a number of from 1 to 3. ; - r 

[0015] Particularly preferable examples of the polysaccharide derivative to be used in the present invention include 
ester and carbamate derivatives of polysaccharides having at least 0.1 ester or urethane bond per monosaccharide. 
[001 6] As the carrier to be used in the present invention, use may be made of organic porous substrates and inorganic 

30 porous onesi It is preferred to use inorganic porous ones. Appropriate examples of the organic porous substrates 
include polymers comprising polystyrene.- polyacrylamide. polyacrylate. etc. Appropriate examples of the inorganic 
porous substrates include silica, alumina; magnesia, glass;, kaolin, titanium oxide, silicates and hydroxyapatite: Silica 
gel may be cited as a particularly preferable carrier. The particle diameter of the carrier is from 0.1 ^m to 10 mm. pref- 
erably from 1 jim to 300 jim and the average pore size thereof is from 10 A to 100 jim. preferably from 50 A to 50,000 

35 A. When silica gel is employed as the carrier, it is preferable to preliminarily surface-coat the silica gel so as to extermi- 
nate the effects of the silanol remaining therein, though a non-surface-treated one may be used without any problem. 
[0017] The separating agents for optical isomers according to the present invention can be produced by a process 
which comprises supporting a polysaccharide derivative on a carrier and then coating the surface thereof with a poly- 
mer to thereby immobilize the polysaccharide derivative on the carrier, or a process which comprises grinding or sphe- 

40 roidizing a polysaccharide derivative and then coating the surface thereof with a polymer. ■ 

[0018] In immobilizing the polysaccharide derivative on the carrier in the present invention, it is necessary that the 
polysaccharide derivative is supported on the carrier before the polymer is formed on the polysaccharide derivative. 
The polysaccharide derivative is supported on the carrier preferably in an amount of from 1 to 100% by weight, still pref- 
erably from 5 to 60% by weight, based on the carrier. 

45 [0019] In the present invention, the polysaccharide derivative may be pulverized or granulated by a conventional 
method. It is preferable that the pulverized or granulated polysaccharide derivative thus obtained is optionally dressed 
by classifying so as to give a uniform particle size. The particle diameter of the polysaccharide derivative preferably 
ranges from 0.1 nm to 10 mm, still preferably from 1 jim to 300 *im. 

[0020] The polymer with which the surface of the polysaccharide derivative is coated in the present invention is option- 
so ally chemically bonded to the polysaccharide derivative or the carrier. To sustain the regular structure of the polysac- 
charide derivative and fully establish the high optical resolving power inherent in the polysaccharide derivative, 
however, it is preferable that the polymer is chemically bonded neither to the polysaccharide derivative nor to the carrier. 
[0021 ] In the present invention, the surface of the polysaccharide derivative is coated with the polymer by, for example, 
a method which comprises polymerizing or copolymerizing polymerizable monomer(s) on the polysaccharide derivative 
55 to thereby form a polymer coating, or a method which comprises reacting, on the polysaccharide derivative, a polyfunc- 
tion^ crosslinking agent with a polyfunction^ compound other than the polysaccharide derivative to thereby effect 
crosslinWng. 

[0022] Examples of the polymerizable monomers to be used in the present invention include vinylic hydrocarbon com- 



(X). 
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pounds such as styrene and divinylbenzene, methacrylic acid derivatives such as methacrylates and methacrylamide,* 
acrylic acid derivatives such as acrylates and acyliamide, and silicon-containing compounds. • 
[0023] Examples of the polyfunctional crosslinWng agent to be used in the present invention include diisocyanate 
derivatives, dicarboxylic acids or acid chlorides thereof, diepoxy derivatives and divinyl derivatives. Examples of the ' 

5 polyfunctional compound other than the polysaccharide derivative include those reacting, with the polyfunctional 
crosslinking agent to give a polymer, such as polyols, polyamines and polythiol compounds. . 
[0024] Preferable examples of the polymer to be used in the present invention include homopolymers of the aboyer ■* 
mentioned polymerizable monomers and copolymers consisting of two or more of the same. It is still preferable to use 
therefor copolymers of a polymerizable iand non-crbsslinkable monomer having one unsaturated double bond (for? 

10 example, styrene, a methacrylic acid derivative or an acrylic acid derivative) with a polymerizable and crosslinkable 
monomer having at least two unsaturated double bonds (for example, divinylbenzene); It is particularly preferable to use 
a styrene-divinylbenzene copolymer therefor. • i 

[0025] To form the polymer on the polysaccharide derivative in the present invention, it is desirable to preliminarily \ 
apply the polymerizable monomer or the polyfunctional compound onto the polysaccharide derivative. In this applica*: 
is tion step, the polymerizable monomer, if employed, may coexist with a reaction initiator such as a free-radical initiator. 
Alternatively, the initiator may be contained in a reaction solvent. It is also possible to initiate the polymerization reaction 
by heating or photoirradiation without resort to any initiator. 

[0026] In the case of the polyfunctional compound, it may coexist with the polyfunctional crosslinking agent in the 
application step, or it may be contained in the reaction solvent. 
20 [0027] To form the polymer coating on the polysaccharide derivative in the present invention, it is also possible to 
apply or chemically bond thereto the polymer per se such as polystyrene, a polyacrylic acid derivative, a polymeth- 
acrylic acid derivative, polyester, polyether or a polysilane compound. 

[0028] The membrane of the polymer coating to be formed on the polysaccharide derivative in the present invention 
is not particularly restricted, so long as it can immobilize the polysaccharide derivative or make the same solvent-resist- 

25 ant while sustaining the high optical resolving power inherent in the polysaccharide derivative. However, it is preferable 
to use a porous membrane capable of controlling the permeation of substances therethrough depending on molecular 
size; It is particularly preferable to use a porous film selectively allowing the permeation of an optical isomer having a C 
relatively low molecular weight while not allowing the permeation of a polysaccharide derivative having a high molecular- 
weight to therebyirhmbbilize them or make the same solvent-resistant. ^; ; . ■ : \A 

30 [0029] * « To form such a porous film, it is preferable to use axopolymer consisting of a polymerizable and non-crosslink- 
able monomer having one unsaturated double bond and a polymerizable and crosslinkable monomer having at least 
two unsaturated double bonds as described above. It is still preferable to use one wherein avnon-crosslinkable mono-- 
mer is copolymerized with a crosslinkable monomer at a weight ratio of from 1/10 to 10/1 . " 
[0030] - The weight ratio of the polysaccharide derivative to these polymerizable monomers preferably ranges from 1/1 

35 to 1/100: :■- ■■• • = ' • ' - : "'' ' " " • : - 

[0031] --The separating agents for optical isomers according to the present invention are useful as chromatographic 
separating ageritis to be used in gas chromatography, liquid chromatography, thin layer chromatography, etc. It is partic- 
ularly preferable to use the same as separating agents in liquid chromatography/ : ; : rl - 
[0032] The use of the separating agents of the present invention as chromatographic separating agents as described 

40 above makes it possible to efficiently separate various optical isomers. 

[0033] The separating agents of the present invention have the high optical resolving power inherent in polysaccha- 
ride derivatives and high solvent resistance, which makes them useful in the separation of various optical isomers. 

Examples 

45 : ■ 

[0034] To further illustrate the present invention in greater detail, and not by way of limitation, the following Examples 
will be given. 

Example 1 Synthesis of separating agent having cellulose tris(3,5-dimethylphenyl)carbamate immobilized on silica gel 
so with the use of sytrene-divinylbenzene copolymer: 

(1) Surface-treatment of silica gel 

[0035] A porous silica gel (SP-1 000, mfd. by Daiso. particle diameter: 7 ^m. average pore size: 1 000 A) was subjected 
55 to aminopropylsiiane (APS) treatment in a conventional manner by reacting with 3-aminopropyltriethoxysilane. 
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(2) Synthesis of cellulose tris(3.5-dimelhylphenyl)-carbamate (CDMPC) 

[0036] In a nitrogen atmosphere, 10 g of cellulose (Microcrystaliine Avicel, mfd. by Merck & Co., Inc.) and 42 g of 3,5- 
dimethylphenyl isocyanate were heated at 100°C under stirring for 48 hours in 100 ml of dry pyridine. Next, the reaction 
5 mixture was poured into 2 1 of methanol. The solid thus precipitated was taken up by filtration through a glass filter and 
washed with methanol several times followed by vacuum drying (80°C, 5 hr). 

(3) Supporting of cellulose carbamate derivative on silica gel 

10 [0037] 2.5 g of the cellulose tris(3,5-dimethylphenyl)carbamate obtained in the step (2) was dissolved in 20 ml of tet^ 
rahydrofuran; (THF). The resultant polymer dope was applied uniformly onto 7.5 g of the APS-treated silica gel 
described in the step (1 ). After the completion of the application, the polymer dope of the polysaccharide derivative was 
allowed to sufficiently permeate into the silica gel pores and then THF was distilled off. The obtained silica gel support- . 
ing the polysaccharide derivative polymer thereon was washed with methanol followed by vacuum drying (80°C; 2 hr). ■ 

15 i\, jj ■ ' : - v-; ;/ - =';-xr : : o.-: a .f. ( «.rr--i : .v T r?;. v -::/r.- ; ;. c; v:Q:: ■ [~>-l 

(4) Formation of polymer coating on silica gel supporting polysaccharide derivative polymer thereon and immobilization \ 
of polysaccharide derivative polymer > ■ \ z ■•. ?w, '•■^r- • x+ ■ .: r s ^ . 

[0038]^ -Styrene (St)and divinylbenzene (DVB) -were employed atvthe: ratio as specified in: Table 1 while azo-N,^: , 
20 bis(isobutyronitriie) (AIBN) was employed at a weight ratia A!BN/(St+DVB) at A /SO. St,-: DVB and AIBN were dissolved 
in dry hexane and the resultant solution of St-DN/BrAIBN in hexane was uniformly, sprinkled over :.1Q g of the silica gel.r 
supporting the polysaccharide derivative polymer thereon and prepared in the.step(3).v; > u 
[0039] After distilling off the hexane by air-drying for several hours, the residue was introduced into a flask and then 
polymerization was effected in a water bath at 60°C for 20 hr. 
25 [0040] The obtained polysaccharide derivative-immobilized ? separating agent was repeatedly washed with THF on a 
glass fitter until neither the St-DVB copolymer nor the polysaccharide derivative polymer run down therefrom any more 
Then the polysaccharide derivative immobilization rate was calculated based on the ..weight of the solubles in the THF 
used in washing.- — - T '- ~ 7 ; - 

[0041] Finally, the separating agent was washed with methano[and vacuum-dried (80°C, 3 hr) to thereby give each " - 
30 of the five polysaccharide derivative-immobilized separating agents 1 to 5 as listed in Table 1. 

[0042] Table 1 also shows the ratios of St, DVB anjd GDMPC employed in the separating agents 1 to 5 and the „ 
polysaccharide derivative immobilize ';;i''J'J' 



• ■ -■ 1 ■ ■ . 
Table 1 



Separating agent 


(St+DVB)/CDMPC 
(wt.%) 


St/DVB (by wt.) 


CDMPC/separating 
agent (wt.%) 


CDMPC immobilizn. 
rate (%) -■ 


Separating agent 1 


20 




16.1 


85.8 


Separating agent 2 


20 


2/1 


14.7 


73.4 


Separating agent 3 


30 


1/1 


18.1 


96.8 


Separating agent 4 


30 


2/1 


14.0 


74.6 


Separating agent 5 


40 


1/1 


16.1 


86.1 



Example 2 Synthesis of separating agent having cellulose tris(3,5-dimethylphenyl)carbamate immobilized on silica gel 
with the use of sytrene-divinylbenzene copolymer: 

50 (1) Surface-treatment of silica gel 

[0043] A porous silica gel was subjected to the APS treatment in the same manner as the one described in Example 
1(1). 

55 (2) Synthesis of cellulose tris(3,5-dimethylphenyl)carbamate (CDMPC) 

[0044] Cellulose tris(3,5-dimethylphenyl)carbamate was obtained in the same manner as the one described in Exam- 
ple 1(2). 
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(3) Supporting of cellulose carbamate derivative on silica gel 

[0045] 2.0 g of the cellulose tris(3.5-dimethylphenyl)carbamate obtained in the step (2) was supported on 8.0 g of the 
APS-treated silica gel obtained in the step (1) by using the same technique as the one described in Example 1 (3). ' 

(4) Formation of polymer coating on silica gel supporting polysaccharide derivative polymer thereon and immobilization , 
of polysaccharide derivative polymer: 

[0046] St and DVB were employed at the ratio as specified in Table 2 while AIBN was employed at a weight ratio 
io AIBN/(St+DVB) of 1/25. St. DVB and AIBN were dissolved in 1 .0 ml of dry toluene and the resultant solution of St-DYB-: 
AIBN in toluene was uniformly sprinkled over 5 g of the silica gel supporting the polysaccharide derivative polymer ther- 
eon and prepared in the step (3): -,k ■-•..-.*. c < 
[0047] In a nitrogen atmosphere, the reaction mixture was introduced into a flask and then polymerization was 
effected in ah oil bath at 85°C fot70 hr while stirring at about 30 rpm with the use of a mechanical stirrer. . o; ; 
75 [0048] The obtained polysaccharide derivative-immobilized separating agent was repeatedly washed with acetone on 
a glass-filter until neither the St-DVB copolymer nor the polysaccharide derivative polymer run down therefrom; any 
more. Then the polysaccharide derivative immobilization rate was calculated based on the weight of the solubles in the 
acetone used in washing. 

[0049] * < Finally; the separating agent was washed with methanol and vacuum-dried (80°C. 3 hr) to thereby give each*: 
20 of the three polysaccharide derivati^ r 

[0050] / • Table 2 also shows the ratios of St, DVB and^GDMPG employed in the separating agents 6 to 8and the 
polysaccharide derivative immobilization ratesof the immobilized separating agents. v f : . :: i: -> •■ - ' qc 

at\ OS r.'.mi - , < . J^.<? .;.-w ti&r* .-*&rf 



Separating agent 


! (St+DVB)/CDMPC lh 
(wt%) 0 " 


St/DVB (bywt) 


CDMPC/separatirig 
agent (wt.%) 


CDMPG imrnobilizn 
fate (%)' 


Separating agent 6 


;. .30. : , . , 


. < fi i 1/1 :1 io:r . 


20 . J 


... , is , ., -100;:- -j 


Separating agent 7 


; -20 : - 




19i2 


84 


Separating agent 8 


10 


1/2 


. 7.6 . ; . 


/ 28' . 



Example 3 Synthesis of separating agent having cellulose tris(3,5-dimethylphenyl)carbamate immobilized on silica gel 
35 with the use of sytrene-divinylbenzene copolymer: 

(1) Surface-treatment of silica gel 

[0051 ] A porous silica gel was subjected to the APS treatment in the same manner as the one described in Example 
40 1(1). 

(2) Synthesis of cellulose tris(3.5-dimethylphenyl)carbamate (CDMPC) _ . 

[0052] Cellulose tris(3,5-dimethylphenyl)carbamate was obtained in the same manner as the one described in Exam- 
45 pie 1(2). 

(3) Supporting of cellulose carbamate derivative on silica gel 

[0053] The cellulose tris(3.5-dimethylphenyl)carbamate obtained in the step (2) was immobilized on the APS-treated 
so silica gel obtained in the step (1) by using the same technique as the one described in Example 1(3). 

(4) Formation of polymer coating on silica gel supporting polysaccharide derivative polymer thereon and immobilization 
of polysaccharide derivative polymer: 

55 [0054] St and DVB were employed at a weight ratio of 1/1 while AIBN was employed at a weight ratio AIBN/(St+DVB) 
of 1/25. St. DVB and AIBN were dissolved in 1 .0 ml of dry toluene and the resultant solution of St-DVB-AIBN in toluene 
was uniformly sprinkled at a ratio (St+DVB)/CDMPC of 30% by weight over 5 g of the silica gel supporting the polysac- 
charide derivative polymer thereon and prepared in the step (3). 




6 



10 



EP 0 978 498 A1 

[0055] In a nitrogen atmosphere, an aqueous solution prepared by adding several drops of polyoxyethylene (20) sorb- 
itan laurate to 50 ml of purified water was poured into a flask. Next, the above silica gel supporting the polysaccharide 
derivative polymer onto which the St-DVB-AIBN-toluene solution had been uniformly sprinkled was well dispersed in the 
aqueous solution. Then polymerization was effected in an oil bath at 85°C for 70 hr while stirring at about 75 rpm with 
the use of a mechanical stirrer. 

[0056] The obtained polysaccharide derivative-immobilized separating agent was sufficiently washed with purified 
water on a glass filter and then repeatedly washed with acetone until neither the St-DVB copolymer nor the polysaccha- 
ride derivative polymer am down therefrom any more. Then the polysaccharide derivative immobilization rate was cal- 
culated based on the weight of the solubles in the acetone used in washing. 

[0057] ^ Finally, the separating agent was washed with methanol and vacuum-dried (80°C. 3 hr) to thereby give a 
polysaccharide derivative-immobilized separating agent (hereinafter referred to as the separating agent 9). 
[0058] As a result, it was found that the obtained separating agent 9 showed a CDMPC/separating agent ratio of 1 9% 
by weight and a CDMPC immobilization rate of 90%. 

is Comparative Example 1 Preparation of separating agent having cellulose tris(3,5-dimethylphenyl)carbamate supported 
on silica gel via physical adsorption: • j - 

[0059] A separating agent wherein cellulose tris(3,5-dimethylphenyl)carbamate was supported on silica gel via phys- 
ical adsorption was obtained by using the same method as the one employed in-supporting the cellulose carbamate 

20 derivative on silica gel in Example 1 (3). 

[0060] Namely, 2-5 g of the cellulose tris(3.5-dimethylphenyl)carbamate obtained in the synthesis of the cellulose > 
tris(3,5^imethylphenyl)carbamate (CDMPG) in Example?1(2) was dissolved in 20 ml of tetrahydrofuran (THF). The 
resultant polymer dope: was then applied uniformly onto 7.5 g of the APS-treated silica gel obtained in Example* 1(1). 
After the completion of the; application, the polymer dope of the polysaccharide derivative was allowed to sufficiently 

25 permeate into the silica gel pores and then the THF was distilled^off. The obtained silica gel supporting the polysaccha- 
ride derivative polymer thereon was washed with methanol followed by vacuum drying (80°C, 2 hr) to: thereby give a 
separating agent (hereinafter referred to as the comparative separating agent 1). 

Comparative Example 2 Preparation of separating agent having polysaccharide derivative immobilized on silica gel by 
30 crosslinking polysaccharide derivative molecules with each other and polysaccharide derivative with silica gel: 

[0061] 1 .8 g of tritylcellulose wherein about from 0.9 to 1.0 tr'rtyl group had been reacted per glucose unit was dis- 
solved in THF. The resultant solution was then sprinkled uniformly over 6.0 g of the APS-treated silica gel obtained in 
Example 1 (1). Next; the solvent was distilled off to thereby support the tritylcellulose on the silica gel. Then 75 ml of 
35 methanol and 0.75 ml of cone, hydrochloric acid were added thereto and the resultant mixture was allowed to stand; at 
room temperature overnight to thereby eliminate the trityl groups: After taking up by filtration, the obtained precipitate, 
was washed with methanol. Then 75 ml of methanol and 0.75 ml of triethylamine were added thereto and the resultant 
mixture was stirred for 5 min. After taking up by filtration again, the precipitate was washed with methanol followed by. 
vacuum drying (80°C, 3 hr). 

40 [0062] In a nitrogen atmosphere, a solution of 49.3 mg of 4,4'-diphenylmethane diisocyanate dissolved in 6.5 ml of 
dry toluene was added to 3.4 g of the silica gel having cellulose adsorbed thereon obtained above. Further, 2.5 ml of 
dry pyridine was added thereto and the mixture was heated to 60°C while stirring. After 5 hr, 20 ml of dry pyridine was 
poured thereinto and then 0.75 ml of 3.5rdimethylphenyl isocyanate was added thereto followed by heating to 1 1 0°C. 
After 1 8 hr, the precipitate was taken up by filtering through a glass filter and washed successively with THF, methanol. 

45 ethanol and hexane followed by vacuum drying (80°C. 3 hr). Thus a separating agent wherein the polysaccharide deriv- 
ative had been immobilized on the silica gel by crosslinking both polysaccharide derivative molecules with each other 
and the polysaccharide derivative with the silica gel was obtained (hereinafter referred to as the comparative separating 
agent 2). The cellulose was supported on the silica gel at a ratio of about 1 8% (calculated by assuming that 2.5 hydroxyl 
groups among three in a glucose unit in the cellulose had been carbamoylated). 

Comparative Example 3 Preparation of separating agent having polysaccharide derivative immobilized on silica gel 
exclusively by crosslinking polysaccharide derivative molecules with each other: 

(1) Inactivation of silica gel surface 

[0063] 200 g of the APS-treated silica gel obtained in Example 1 (1 ) was reacted with 15 ml of 3,5-dimethylphenyl iso- 
cyanate in 1.0 I of methylene chloride at room temperature for 1.5 hr. The obtained product was taken up by filtration 
and then washed successively with methylene chloride/methanol (2/1), methylene chloride, ethanol. acetone and hex- 
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ane followed by vacuum drying. 

(2) Synthesis of cellulose 6-hydroxy-2.3-bis(3,5-dimethylphenyl isocyanate): 

s [0064] In a nitrogen atmosphere, 4.0 g of tritylcellulose wherein about from 0.9 to 1 .0 trityl group had been reacted 
per glucose unit was dissolved in dry pyridine. Then 10 ml of 3,5-dimethylphenyl isocyanate was added thereto and the . 
resultant mixture was heated to 100°C and stirred for 25 hr. After pouring 700 ml of methanol thereinto, the solid matter, 
thus precipitated was taken up by filtration, washed with ethanol and hexane, and then dried. Next, it was stirred in 
methanol containing cone, hydrochloric acid to thereby eliminate the trityl groups. The solid matter was taken up by Al- 
io tration, washed with ethanol and hexane, and dried to give cellulose-6-hydroxy-2,3-bis(3.5-dimethylphenyl isocyanate). 

(3) Preparation of silica gel having cellulose derivatives supported thereon: 

[0065] 1.5 g of the cellulose derivative obtained in the step (2) was dissolved in 8 ml of THF. The resultant solution 
15 was applied to 5.7 g of the surface-inactivated silica gel obtained in the step (1) by uniformly sprinkling. After distilling 
off the solvent, the residue was washed successively with methanol, ethanol and hexane to give silica gel having the 
cellulose derivative supported thereon. 

(4) Imobilization of cellulose derivative on silica gel exclusively by crosslinking among cellulose derivative molecules: 



[0066] ! u 35 ml of dry toluene was added to 6.7 g of the silica gel having the cellulose derivative supported thereon as. 
obtained ih'the step (3)i Further, 1 10 mg of diphenylmethane diisocyanate was added thereto and the resultant mixture 
was stirred:at 110°C for 6 hr. After the completion of the reaction, the precipitate was taken up by filtration andwashed 
successively with THF, methanol; ethanol and hexane followed by vacuum drying to give a separating agent wherein ; 
25 the cellulose derivative had .been=Jmmobilized on the silica gel J exclusively by crosslinking the cellulose derivative mol- 
ecules with each other, i : : . ' s .-a 1 -.. v-, v.oq f.y-f; ■•:;) 

(5) Modification of unreacted hydroxyl groups in polysaccharide derivative immobilized on silica gel: 

30 [0067] To the separating agent obtained in the above (4) were added 25 ml of dry toluene and 1 5 ml of dry pyridine; 
After further adding 0.5 ml of 3,5-dimethyiphenyl isocyanate, the resultant mixture was heated to 110°C while stirring 
for 1 5 hi? After the completion of the reaction, the product was taken up by filtration and washed successively with THF, ; 
methanol; ethanol and hexane followed by vacuum drying to thereby carbamoylate the unreacted hydroxy! groups in the : 
polysaccharide derivative immobilized on the silica gel, thus giving a separating agent (hereinafter referred to as the 

35 comparative separating agent 3). The cellulose was supported oh the silica gel at a ratio of about 19% (calculated by 
assuming that 2:5 hydroxyl groups among three in a glucose unit in the cellulose had been carbamoylated). ; 



Application Example 1 

40 [0068] The separating agents 1 to 5 prepared in Example 1 and the comparative separating agent 1 prepared in Com- 
parative Example 1 were each employed as a packing material and packed in a stainless column of 25 cm in height and 
0.46 cm in inner diameter by the slurry packing method togive a column for separating optical isomers. 
[0069] By using this column, various racemic modifications as listed in Table 3 were optically resolved by the liquid 
chromatographic technique under the following analytical conditions; mobile phase: hexane/2-propanol (90/10). flow 

45 velocity: 0.1 ml/min, temperature: 25°C, detection: at 254 nrri. Table 3 summarizes the results wherein the separation 
factor (a) means a value determined in accordance with the following formula. 



20 




Separation factor (a) 



volume ratio of antipode adsorbed more strongly 
volume ratio of antipode adsorbed more weaWy. 
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-Table 3 





Separating 


Separation factor (a) 


5 


agent 
Racemic -^^^ 
modification 


Sepq. 
agent 
1 


Sepq. 
agent 
2 


Sepq. 
agent 
3 


Sepq. 
agent 
4 


Sepq. 
agent 
5 


Comp. 
Sepq. 
agent 1 


70 


Racemic 

modification 1*1 


1 .25 


1.32 


1.18 


1.24 


1.14 


1.32 




L\ UU CI 1 1 -J- >~» 

modification 2 *2 


1.86 


1 .82 


1.88 


1.75 


1.88 


1 .68 


15 


modification 3 *3 


2 . 73 


3.12 


2 .79 


2. 65 


2 . 67 


2 . 59 


20 


modification 4 *4 


1 . 17 


1.25 


1 .21 


1.23 


1.22 


. 1 . 34 


25 


modification 5 *5 . 


Ca. 1 


Ca. 1 


Ca. 1 


Ca. 1 


Ca. 1 


Ca. 1 


modification 6 *6 


1.24 


. 1 .15 


1.14 


1.18 


1.12 


1.15 


30 


KqCcIuIC 

modification 7 *7 


1 . 29 


1.27 


1 .25 


1 .25 


1.21 


1 .41 




modification 8 *8 


1.42 


1.43 


1.51 


1 .40 


1 . 44 


1 . 58 


35 


Racemic 

modification 9 *9 


1 . 99 


2.13 


2.02 


2 . 16 


2. 03 


3 . 17 


40 


Racemic 

modification 10 *10 


2.27 


3 . 12 


2 .01 


2 .50 


2 . 08 


1 . 83 



SO 
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10 



Note) 



*1: racemic modification 1 




15 



20 



25 



30 



*2: racemic modification 2 



Ph 



Ph 



*3: racemic modification 3 




*4: racemic modification 4 



35 



40 



PhaC^^^OH 
Ph 



*5: racemic modification 5 

Co(CH 5 COCH 2 CO) 3 



45 



50 



*6: racemic modification 6 

0 




Ph 
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*7: racemic modification 7 

0 




*8: racemic modification 8 




*9: racemic modification 9 



PhHNOC 




CONHPh 



*10: racemic modification 10 



Me Me 




OH HO 



[0070] In the above series of formulae, Ph represents phenyl and Me represents methyl. 
Application Example 2 

[0071 ] The comparative separating agent 2 prepared in Comparative Example 2 was employed as a packing material 
and packed in a stainless column of 1 0 cm in height and 0.46 cm in inner diameter by the slurry packing method to give 
a column for separating optical isomers. 

[0072] By using this column, various racemic modifications as listed in Table 4 were optically resolved by the liquid 
chromatographic technique. 

[0073] The analytical conditions employed were as follows; mobile phase: hexane/2-propanol (90/10), flow velocity: 
0.4 ml/min, temperature: 25°C. detection: at 254 nm. Table 4 shows the obtained results together with the data of the 
separating agent 2 according to the present invention achieving favorable results in Application Example 1 . 
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Application Example 3 



+ 



[0074] The comparative separating agent 3 prepared in Comparative Example 3 was employed as a packing material 
and packed in a stainless column of 25 cm in height and 0.46 cm in inner diameter by the slurry packing method to give 
a column for separating optical Isomers. 

[0075J By using this column, various racemic modifications as listed in Table 4 were optically resolved by the liquid 
chromatographic technique. 

[0076] The analytical conditions employed were as follows; mobile phase: hexane/2-propanol (90/10), flow velocity: 
1.0 mi/min, temperature: 25°C, detection: at 254 nm. Table 4 shows the obtained results. 



Table 4 





Separation factor (a) 


Separating 
agent 

Racemic 
modification 


Sepg . 
agent 1 


Comp . 
sepg . 
agent 2 


Comp . 
sepg . 
agent 3 


Racemic modification 1*1 


1.32 


1.30 


1.61 


Racemic modification 3 *1 


3 . 12 


1.55 


2 .06 


Racemic modification 6*1 


1.15 


1.14 


1.25 


Racemic modification 7*1 


1 . 27 


1 . 0 


1.13 


Racemic modification 8*1 


1.43 


1 . 0 


1.16 



Note) 

*1: use was made of the same racemic modification as 
employed in Table 3. 



Application Example 4 

[0077] The separating agents 6 to 9 prepared in Examples 2 and 3 were each employed as a packing material and a 
column for separating optical isomers was prepared in the same manner as the one employed in Application Example 
1. 

[0078] By using this column, various racemic modifications as listed in Table 5 were optically resolved by the liquid 
chromatographic technique under the following analytical conditions; mobile phase: hexane/2-propanol (90/10), flow 
velocity: 1.0 ml/min, temperature: 25°C, detection: at 254 nm. Table 5 summarizes the results. 
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Table 5 



5 


^sSeparating 




Separation 


factor (a) 






\ agent 


Sepg . 


Sepg. 


Sepg . 


Sepg . 


10 


Racemic \ 
modification 


agent 6 


agent 7 


agent 8 


agent 9 


15 


Racemic 

modification 1 *L 


1.29 


1.43 


1.31 


1.24 




Racemic 

modification 2 *1 


1 . 36 


1 . 33 


1.42 


1 72 


20 


Racemic 


2.31 


2 . 2 1 


2 . 23 






modification 3 *1 


25 


Racemic ■• ;■ 
modification 5 *1 




i b 

JL • w 


1 0 


JL • w 




Racemic 

modification 6 *1 


1 . 19 


1 . 22 


1 .15 


1 . 15 


30 


Racemic 

modification 7 *1 


1.17 


1.21 


1.35 


1 . 19 


35 


Racemic 

modification 8 *1 


1.54 


1.44 


1 .61 


1 . 40 



Note) 

*i: use was made of the same racemic modification as • 
employed in Table 3. 



so Application Example 5. 

[0079] The separating agent 6 prepared in Example 2 and the comparative separating agent 1 prepared in Compar- 
ative Example 1 were each employed as a packing material and a column of 25 cm in height and 1 .0 cm in inner diam- 
eter for separating optical isomers was prepared in the same manner as the one employed in Application Example 1. 
55 [0080] By using this column, each mobile phase solvent as defined below was passed therethrough under the condi- 
tions as specified below and the amount of the matter eluted from the packing material was determined by the following 
method. Table 6 shows the result. 
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(Column pass conditions ) 
[0081] 

5 (1) Hexane/2-propanol: 90/1 0, flow velocity: 4.7 ml/min, temperature: 25°C, total volume of eluent: 1 .2 1. 

(2) Hexane/denatured ethanol {a solvent obtained by denaturing ethanol with 2-propanol (comprising 85.5% of eth- 
anol. 13.4% of 2-propanol and 1.1% of methanol)}: 75/25, flow velocity: 4.7 ml/min, temperature: 40°C. total volume 
of eluent: 1 .2 I. 

10 The eluents (1) and (2) were passed successively. 

(Method for determining eluted matter) 

[0082] The solvent was distilled'off from the eluate obtained from the column by using an evaporator under a reduced 
is pressure of about 20 mmHg at a water temperature of 40°C and the concentrated residue thus obtained was weighed. 

Table 6 



20 



25 



30 



35 



Separating 
^-•s. agent 

Eluent passed 


Amount of elu 

• - ,* j - 

Sepq. agent 6 


ited matter (g) 
Com. sepq. agent 1 


( 1 ) Hexane / 2 - propanol : . 
" 90/10 


0-9 


12.8 


( 2 ) Hexane/denatured 
ethanol: 75/25 


0.9 


- 7.2 



40 



45 



SO 



55 



Claims 

1 . A separating agent for optical isomers, characterized in that a polysaccharide derivative supported on a carrier is 
coated with a polymer. 

2. A separating agent for optical isomers, characterized in that a pulverized or granulated polysaccharide derivative is 
coated with a polymer. 

3. The separating agent for optical isomers as set forth in claim 1 , wherein the particle diameter of the carrier is from 
0.1 jim to 10 mm, while the pore size thereof is from 10 to 100 urn. 

4. The separating agent for optical isomers as set forth in claim 1 or 2, wherein the polysaccharide derivative is an 
ester or carbamate derivative of a polysaccharide having at least 0.1 ester bond or urethane bond per monosac- 
charide unit ' 

5. The separating agent for optical isomers as set forth in claim 1 or 2, which is used in chromatography. 

6. A process for producing the separating agent for optical isomers as set forth in claim 1 , characterized by supporting 
the polysaccharide derivative on the carrier and then coating it with the polymer to thereby immobilize the polysac- 
charide derivative on the carrier. 
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7. A process for producing the separating agent for optical isomers as set forth in claim 2, characterized by pulverizing 
or granulating the polysaccharide derivative and then coating it with the polymer. 

8. The process as set forth in claim 6 or 7 ( characterized by polymerizing or copolymerizing a polymerizable mono- 
mers) on the polysaccharide derivative to form the polymer coating. 

9. The process as set forth in claim 6 or 7, characterized by reacting, on the polysaccharide derivative, a polyfunc- 
tions crosslinking agent with a polyfunction^ compound other than the polysaccharide derivative to thereby effect 
crosslinking and to form the polymer coating. 

10. The process as set forth in claim 8, wherein the polymerizable monomer is at least one member selected from the 
group consisting of vinylic hydrocarbon compounds, methacrylic acid derivatives, acrylic acid derivatives and sili- 
con-containing compounds. 

11. The process as set forth in claim 9, wherein the polyfunction^ crosslinking agent is at least one member selected 
from the group consisting of diisocyanate derivatives, dicarboxylic acids or acid chlorides thereof, diepoxy deriva- 
tives, and divinyl derivatives. 

12. The process as set forth in claim 9, wherein the polyfunctional compound other than the polysaccharide derivative 
is at least one member selected from the group derivative is at least one member selected from the group consist- 
ing of polyols, polyamines and polythiol compounds. 

13. A method for separating optical isomers, characterized by separating the optical isomers with the separating agent 
as claimed in claim 1 or 2. 




EP 0 978 498 A1 



INTERNATIONAL SEARCH REPORT 



A CLASSIFICATION OF SUBJECT MATTER 
int. CI* C07B57/00 

According to International Patent Gasification (IPQ or to both national clarification and IPC 



International application No. 

PCT/JP98/04367 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI* C07B57/00 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic daia base consulted during the international search (name of data base and, where practicable, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant In claim No. 



JP/ 9-194399, A (Ube Industries, Ltd.)/ 
29 July, 1997 (29. 07. 97), 
Claims ; Examples (Family: none) 

j Pr 5-43483, A (K.K. Juka Bunseki Center), 
23 February, 1993 (23. 02. 93), 
Claims (Family: none) 

JP, 64-26523, A (Mitsubishi Chemical Industries 
Ltd. ), 

27 January, 1989 (27. 01. 89), 

Claims 6 EP, 300448, Al & US, 4851382, A 



1-13 



1-13 



1-13 



| | Further documents are listed in the continuation of Box C [j See patent family annex. 



Sped a 1 categories of cited documents: 
A" document defining ibe general date of the an which is not 

considered to be of particular relevance 
*E" earlier document but published on or after the international filing date 
*L" document which may throw doubts on priority daim(s) or which is 

oiled to establish the publication dale of another citation or other 

spcciaJ reason fas specified) 
'O* document referring 10 an oral disclosure, use. exhibition or other 

T document published prior to the international filing date but later than 
the priority date claimed 



T later document published after the interna noaal filing date or priority 

date and not in conflict with the application but cited to understand 

the principle or theory underlying the invention 
"X" document of particular relevance; the claimed invention cannot be 

considered novel or cannot be considered to involve an inventive step 

when the document is taken alone 
" Y" document of particular relevance; the claimed invention cannot be 

considered to involve an inventive step when the document is 

combined with one or more other such documents, such combination 

being obvious to a person skilled tA the an 

document member of the same patent family 



Dale of the actual completion of the international search 
7 December, 1998 (07. 12. 98) 



Date of mailing of the international search report 

15 December, 1998 (15. 12. 98) 



Name and mailing address of the ISA/ 

Japanese Patent Office 
Facsimile No. 



Auihorized officer 



Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 



16 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
□iiADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 
UfGRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHffilT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



